ABSTRACT
INTRODUCTION 042M4054V
). An NMR spectra and an HPLC profile with/without a psoralen-injected Hybond N+ nylon membranes (GE Healthcare) using standard Southern blotting 142 techniques. The plasmid DNA was detected by probing with 32 P-labeled pBR322 that 143 was prepared by nick translation (Roche) using alpha 32 P-dCTP >6000Ci/mmol (Perkin-
144
Elmer). Southern blots were visualized using a Storm 840 phosphorimager (GE
145
Biosciences) and its associated ImageQuant analysis software. blotting techniques. The plasmid DNA was detected as described for the in vitro plasmid 168 crosslinking assay.
169
The fraction of psoralen crosslinks formed at each time point was calculated as the ratio 
RESULTS

178
Irradiation with UVC generates two predominant lesions in DNA− the cis, syn 179 cyclobutane pyrimidine dimer and the pyrimidine 6-4-pyrimidine photoproduct (62, 63). we confirmed (Fig. 1A) .
184
To examine the contribution each of these genes has to the survival of psoralen-
185
induced DNA damage, 10 μg/ml 8-methoxypsoralen was added to growing cultures of 186 the parental and mutant strains before they were UVA irradiated for increasing time periods. The fraction of cells surviving to form colonies was then determined as shown in 188 Figure 1B . In contrast to UVC irradiation, the uvr genes did not contribute equally to period that may account for our observed differences.
213
In order to differentiate between these possibilities, we repeated our survival 214 assays with the strains used in the Lage et al study. As shown in Figure 2A , proportion of DNA interstand crosslinks, rather than monoadducts in the cell.
274
The contribution of Cho to crosslink repair could either occur at the initial 275 incision step or at a later stage in the repair process. To address whether the absence of
276
Cho affects the ability to initiate repair of crosslinks, we compared the rate that DNA in uvrC mutants.
301
The initial frequency of crosslinks detected in wild-type cells was lower than 302 other strains (Fig. 5C ). This is likely to be due to the incision of crosslinks occurring only modestly affects the rate of the initial crosslink incision in vivo.
320
Many aspects of how DNA interstrand crosslinks are repaired remain speculative.
321
Early studies using E. coli recognized the challenge of repairing DNA interstrand 322 crosslinks due to the covalent attachment of this adduct to both DNA strands.
323
Researchers inferred that repair would likely require the sequential action of multiple 324 pathways and two related models were proposed (6, 16 following the initial incision have been characterized or observed in vivo.
338
Within the context of these models, two potential roles for Cho are apparent (Fig   339   6 ). The first possibility is that Cho could act as a secondary nuclease that increases the 340 efficiency of the initial dual incisions by UvrA, -B and -C at psoralen-induced crosslinks.
341
In vitro, the incision of the DNA interstrand crosslinks by the nucleotide excision repair complex is influenced by the sequence context (48), and Cho has been shown to incise 343 certain bulky lesions more efficiently than UvrC (66). Such a function could be consistent 344 with the increased sensitivity of uvrC mutants lacking Cho (Fig. 3) (Fig. 3) .
371
Models for crosslink repair in eukaryotic cells suggest that a replication-372 dependent repair pathway exists in addition to the global repair pathway (13, 54, 74, 76).
One possibility is that Cho is specifically required to make incisions in the subset of 374 DNA interstrand crosslinks encountered by replication forks (Fig. 6D) Cho, a second endonuclease involved in Escherichia coli nucleotide excision repair. 
